Background: The diagnosis precision of Brugada algorithm in discriminating between supraventricular tachycardia and ventricular tachycardia remains controversial. We aim to evaluate the diagnostic value of Brugada algorithm in broad complex tachycardia arrhythmia.
Introduction
Broad QRS complex tachycardia (BCT) which defined as a rhythm with a rate >100/min and a QRS duration >120 ms is a common arrhythmia and often presents a diagnostic dilemma for the physician. Many literatures show that ventricular tachycardia (VT) and supraventricular tachycardia with aberrant intra-ventricular conduction (SVT-A) account for approximately 80% and 15%-20%of BCTs respectively [1] [2] [3] [4] [5] [6] . Other rare reason of BCT, such as Pre-excited tachycardia (PXT) with anterograde conduction through an accessory pathway, supraventricular with drug-and electrolyte-induced abnormal intra-ventricular conduction, ventricular paced rhythm, or electrocardiography (ECG) artifact, account for only a small minority (1%-5%). Therefore, the clinically relevant problem in the differential diagnosis of BCTs is to distinguish SVT from VT. The ECG remains the cornerstone of distinguishing SVT from VT. Accurate and immediate differentiation of VT from SVT with aberrancy on surface electrocardiography (ECG) holds significant implications in terms of prognosis and acute and chronic arrhythmia therapeutics.
Although the accurate diagnosis of many existed traditional ECG standards which applied to distinguish SVT from VT are now possible in about 90% of BCTs [4, 7, 8] . Many of these criteria are not useful in an urgent setting, owing to the complicated and not consistently present. In 1991, Brugada et al. [9] published a study using relatively simple, four-step, decision tree-like algorithm to differentiate between BCTs due to VT and SVT. They reported that this algorithm had a sensitivity (98.7%) and specificity (96.5%) remarkable superior to the existed traditional criteria. However, these results have not yet been reproduced independently by other authors who reported a lower sensitivity and specificity [7, 10] . The accuracy diagnosis of Brugada algorithm in distinguishing BCTs due to SVT or due to VT remains controversial. We therefore performed a meta-analysis of studies evaluating Brugada algorithm in discriminating SVT from VT to establish a more precise estimate of diagnostic accuracy.
following terms were used as keywords: "wide QRS complex tachycardia or broad QRS complex tachycardia", "ventricular tachycardia" or "supraventricular tachycardia" or "differential or distinguish" or "diagnosis" or "Brugada algorithm". The references of identified articles and review articles were also reviewed to involve more relevant studies. The search was performed up to 5th January 2018. We specifically implemented the PubMed search strategy using the terms listed in Table 1 . 
Retrieving order Method

#1
Study eligibility and quality assessment
Two observers independently evaluated all articles for relevance using the search strategy at the title, abstract and full-text levels. Disagreements were resolved by a third observer. Studies were included if (1) they attempted to distinguish the ventricular tachycardia (VT) or supraventricular tachycardia with aberrant conduction 9SVT-AC) of broad QRS complex tachycardia by Brugada algorithm; (2) ECGs demonstrate that the broad QRS complex tachycardia is very regular; (3) they were published as full-text articles. The exclusion criteria were as follows: (1) Irregular broad ORS complex tachycardia. (2) Studies that exclusively evaluated the value of the Brugada algorithm in identifying pre-excited tachycardia from broad QRS complex tachycardia. (3) Studies in which specially included idiopathic ventricular tachycardia.
Quality of study reports
The quality of included studies was assessed according to the quality assessment of diagnostic accuracy studies 2 (QUADAS-2) tool. AQUADAS-2 is used in systematic reviews to evaluate the risk of bias and applicability of diagnostic accuracy studies, and consists of four key domains: patient selection, index test, reference standard, and flow and timing. The assessment for risk of bias was made by every domain and the first three are also evaluated for applicability. Signaling questions were included to assist in judgments about the risk of bias [11] . If the answers to all signaling questions for a domain were "yes, " the risk of bias is considered as "low;" when the answers were "no, " the "high" risk of bias is judged. The unclear bias should only be used if insufficient information was supplied [11] . Applicability was decided as low, high, or unclear by the similar criteria.
Statistical analysis
Accuracy estimates: Accuracy data-true positive, false positive, true negative, and false negative-were extracted from each study to calculate estimates of pooled sensitivity and specificity weighted based on the study population size. STATA 13.0 was used to perform Metaanalyses. Sensitivity, specificity, positive likelihood ratio (PLR), negative likelihood ratio (NLR), and diagnostic odds ratio (DOR), forest plots and summary receiver operating characteristic (SROC) curves were analyzed with the 'Midas' module for STATA 13.0, based on the random model effect. Quality of studies was assessed with RevMan 5.2. A well-performing diagnostic precision has an AUC close to 1, on the contrary an AUC close to 0.5 illustrated a poor performance.
Heterogeneity: Heterogeneity was evaluated by the Cochrane Q test and I2 test. P<0.1 and I2 >50% indicated that included studies were considered to be with heterogeneity. Subgroup analysis and metaregression were applied to identify the sources of heterogeneity across studies.
Publication bias: Publication bias was evaluated by Deek's funnel asymmetry plot test, and P<0.1 the studies was regarded as existing a significant publication bias statistically.
Results
Search and selection of the studies
All total of 427 potentially relevant citations were identified from all searches. 84 articles were excluded because of review literature. Of 343 articles, 265 articles were excluded based on the titles and abstracts. The remaining 78 articles were viewed through full text. Finally, a total of 13 eligible articles satisfying the inclusion criteria were included in the meta-analysis. The detailed procedure of studies searches, and selection was showed in Figure 1 . 
Characteristics of included studies
Clinical characteristics of all the included studies are summarized in Table 2 [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . BCT was defined as a rhythm greater than 100 bpm with a QRS longer than 120 ms. Ventricular tachycardia (VT) was defined as a tachycardia that was maintained without the need for structures above the His bundle. The correct diagnosis of the included studies was made on the basis of an electrophysiology study as a golden standard. All Electrocardiograms of BCT were analyzed according to the criterion of Brugada algorithms step by step by the physicians who were blinded regarding the clinical data and the previously established BCT diagnosis. A total of 13 studies comprising 2684 BCTs were incorporated in this analysis, which included 1918 VTs and 769 SVTs with aberrant conduction with proven electrophysiological mechanism. 28.65% of BCTs were SVTs. Of the 13 studies, 8 studies were prospective, the remainder studies were retrospective. The results of this assessment are given in the "risk of bias summary" in Figure 2 .
Diagnostic accuracy of Brugada algorithm
The pooled sensitivity of Brugada algorithms for diagnosis of BCT was 0.92 (95% CI 0.88-0.95; Q=73.95, P0.01; 2=83.77%) and the pooled specificity was 0.71 (95% CI 0.57-0.82; Q=131.47, P0.01; 2 =90.87%), respectively ( Figure. 3). The positive likelihood ratio was 3 (95% CI, 2.0-5.0) and the negative likelihood ratio was 0.11 (95% CI, 0.06-0.19).
The summary Diagnostic Odds Ratio (DOR) was 29 (95% CI: 12-72) ( Table 3 ). The SROC curve indicated a relationship between sensitivity and specificity. The area under the curve (AUC) for Brugada algorithm was 0.95 (Figure 4 ), indicating the highly discriminatory ability of Brugada algorithm.
Publication bias
We evaluated the publications bias of the studies by Deek's funnel plot. The plot appeared approximately symmetrical, as shown in Figure  5 . The linear regression of log odds ratios on inverse root of effective sample sizes showed that the Bias value was 1.47 (P=0.17), which indicated that there was no evidence of publications bias in these included studies ( Figure 5 ).
Heterogeneity assessing and subgroup analysis
Significant heterogeneity was observed in sensitivity and specificity (P<0.01; I2=83.77% and P<0.01; 2=90.87%) among these 13 studies. Subgroup analysis was performed to identify possible reasons for the heterogeneity. We conducted subgroup analyses based on study sample size, study type, study population and publication date of the study. There were nine studies with sample size greater than 100 ECGs which displayed a pooled sensitivity of 0.93 (95% CI: 0.87-0.96), specificity of 0.74 (95% CI: 0.57-0.86) and DOR of 37 (95%CI: 11-130), respectively. The remaining studies with samples less than 100 ECGs, the pooled sensitivity, specificity and DOR were 0.90 (95% CI: 0.83-0.94), 0.64 (95% CI: 0.42-0.82) and 16 (95% CI: 7-35), respectively. In eight prospective studies, the pooled sensitivity, specificity and DOR were 0. For meta-regression analysis, we found that these pre-identified confounding covariates, like sample size, study types and region may cause heterogeneity. But these factors were not the major sources of heterogeneity ( Figure 6 ). Meta-regression shows that the publication date would account for the majority of heterogeneity as shown in Figure 7 .
In our meta-analysis, there were only 13 studies meeting the requirement with great range of time (from 1991 to 2015) and more than half of these studies were published after 2005 (most of all included studies gathered at 2005 to 2015) would cause the heterogeneity. Additionally, the ECG type and the proportion of every type in included studies were remarkable different, which may be another reason of the heterogeneity. Furthermore, the basic diseases and the situation of heart structure of the patients were not described distinctly in included studies, these differences can also cause the heterogeneity. 
Study
Discussion
Traditional criteria, for instance, atria-ventricular (AV) dissociation, QRS greater than 0.14 ms with right bundle branch block (RBBB), QRS greater than 0.16 ms with left bundle branch block (LBBB), ''positive'' concordance in V leads, QRS axis between -90 and -180, LBBB with right axis deviation, and several other morphologies can be conducive to determine VT [6] . Even though these criteria were helpful in the differential diagnosis, mistakes are nevertheless frequently made, particularly in the emergency setting [2, [24] [25] [26] [27] . Not infrequently, these mistakes have led to wrong therapeutic decisions and therapies which based on a wrong diagnosis may have led to adverse clinical consequences, even went so far as to life-threatening or almost lifethreatening outcomes. Several studies have discussed the limitations of the traditional ECG criteria in the differential diagnosis of a tachycardia with a broad QRS complex. The sensitivity and specificity of the traditional criteria are not optimal. Correct diagnosis is the vital of clinical management, in an effort to help to discriminate between VT and SVT-A, Brugada et al. established a four-step algorithm to facilitate the physician in making the correct diagnosis of BCT due to VT or due to SVT with aberrancy ( Figure 8 ). In the initial survey conducted by Brugada et al. the impressive sensitivity and specificity of the Brugada algorithm were 0.987 and 0.965, respectively. The simplified step-by-step approach became a welcome accepted method for physician to differentiate this broad complex arrhythmia. Figure 5 : The Deek's funnel asymmetry plot test for evaluation of potential publication bias for Brugada algorithm in the diagnosis of BCT.
In our meta-analyses, we summarized 13 studies involving 2684 BCTs which 1918 ECG was VTs and 769 ECG was SVTs with aberrant conduction. Among regular BCTs, VT is the most prevalent, between 70% and 75%, as shown in previous studies [9, 21, 28, 29] . In Our metaanalysis showed the pooled prevalence of VT was 71.46%, similar to the previous studies. The pooled sensitivity and AUC of Brugada algorithms were more satisfactory (0.92 and 0.95 respectively), while the pooled specificity was moderate (0.71). It suggests that Brugada algorithm would be a useful tool in making the diagnosis of VT, but it may misdiagnose SVT as VT. This misdiagnosis may be unavoidable partly because that no electrocardiographic diagnostic standard with sufficient sensitivity and specificity simultaneously. The performance of a diagnosis method is estimated by the Sensitivity and specificity, but they are often infeasible to secure a high value for both as they are inversely related [30] . Decision theory analysis shows that the validity of a diagnostic method in practice depends asymmetrically on sensitivity and specificity as well as their interaction with prevalence [31, 32] : if prevalence is low, a high specificity is priority to a high sensitivity, oppositely if prevalence is high, a high sensitivity is more pivotal than a high specificity. Based on this theory, with prevalence of 0.70 for VT and of 0.30 for SVT in broad complex tachycardia, a method with excellent sensitivity and moderate specificity is acceptable and legitimate to be used as a differential diagnostic criterion of BCT. In clinical practice, VT is misdiagnosed as SVT often with disastrous results or fatal for the patient, so it is better that SVT was misdiagnosed as VT. In our meta-analysis, the pooled sensitivity and pooled specificity of the Brugada algorithm was 0.92 and 0.71 respectively. Therefore, the Brugada algorithm is applicable theoretically and practically.
Figure 7:
The meta-regression analysis of the publication date for possible resources of heterogeneity among included studies.
It is surprising that the pooled sensitivity and pooled specificity of the Brugada algorithm observed in our meta-analysis is significant different from the original study conducted by Brugada et al which the sensitivity and specificity of the Brugada algorithm were 0.987 and 0.965, respectively. The major discordance was specificity: 0.71 in our study vs. 0.965 in the original study. The interpretation of the significant discrepancy is that the observers in these studies were relatively inexperienced in using the Brugada algorithm compared to those in the original study by Brugada et al. Jennifer L et al. conducted study showed that to diagnose a same set of broad complex tachycardia electrocardiograph, the sensitivity and the specificity of the Brugada algorithm is different between the emergency physician and cardiologists. Furthermore, neither the emergency physicians nor the cardiologists were able to obtain a sensitivity or specificity as high as the original study [33] . This lack of reproducibility was also reported by others [10, [12] [13] [14] [15] [16] [17] [18] [19] 23, 29] . Alternatively, it is possible that the BCT types and the proportion of every type in our included studies (except Brugada et al. study) differed from those in the original study; the ECG types in the original study may more suited to the Brugada algorithm than other studies. Idiopathic VTs which their QRS-complex morphology can resemble QRS morphology in some aspects might be difficult to discriminate from SVTs, as they also occur in a healthy heart and some rapidly engage the His-Purkinje network.
Therefore, it must be beer in mind that in most studies that patients with pre-existing bundle branch blocks, pre-excitation, idiopathic VTs, and on anti-arrhythmic drugs were either excluded or underrepresented, or the studies did not show data regarding inclusions, exclusions, or the proportion of such patients in the study. Intentional exclusion or fortuitous underrepresentation of 'difficult' BCT tracings (e g. organic bundle branch blocks, SVTs in heart failure patients, pre-excited tachycardia, and idiopathic VTs) can enhance the performance of an algorithm or differentiation criterion. The second step of the Brugada algorithm that the presence of an RS interval100 ms in any of the pre-cordial lead is very good at differentiating a clearcut functional aberration from a myocardial scar-related VT, it is not so good when encounter organic left bundle branch block QRS morphology, particularly, in a patient with heart failure, an idiopathic VT or SVP with pre-excitation [34] . It may be the major factor that lowered the SP of the Brugada algorithm. The limitation of our meta-analysis is that our meta-analysis existed high heterogeneity and the meta-regression analyses shows that the publication date may lead to the heterogeneity among studies. The possible reason was that in our meta-analysis, included studies were not sufficient and most of the included studies was published after 2005 compared to before 2005, this contribution of the publication date may cause the heterogeneity. Additionally, the ECG type and the proportion of every type in included studies were remarkably different, which may be another reason of the heterogeneity. Furthermore, the basic diseases and the percentage of every disease of the patients weren't distinctly described, these differences can also cause the heterogeneity. Another limitation of our meta-analysis is that we just valued the diagnostic precision of Brugada algorithm in discriminating SVT from VT but failed to deeply discuss the diagnosis precision of every step of the Brugada algorithm.
Conclusion
In conclusion, this meta-analysis indicated that Brugada algorithm could be a useful tool with excellent pooled sensitivity and moderate specificity for discriminating SVT from VT. Considered as the most economic, convenient, safe and rapid method, it deserved to be widely used as complementary to other diagnostic techniques.
